Natural DNA precursor pool asymmetry and base sequence context as determinants of replication fidelity.
Previous studies showed a complex relationship between nucleotide composition of a gene and the rate of the gene's evolutionary variation. We have investigated mechanisms by constructing M13 phagemids containing part of the Escherichia coli lacZ gene, in which an opal codon is flanked either by nine adenine-thymine base pairs on each side, or by nine guanine-cytosine pairs, or by its wild-type sequence context. Reversions or pseudoreversions within the opal codon yield a lacZ alpha-peptide that can undergo alpha-complementation and yield a blue plaque when plated with a chromogenic substrate. When these constructs were replicated in HeLa cell extracts, in the presence of equimolar deoxyribonucleoside triphosphate (dNTP) mixtures, reversion was near background levels in both the AT-rich and GC-rich contexts. By contrast, when the DNAs were replicated at dNTP concentrations approximating those in HeLa cell nuclei, increases over background were seen in all three contexts. Replication of the phagemids in vivo led to even higher mutation frequencies. Replication in the presence of dGMP, added to inhibit proofreading, caused extraordinarily high reversion frequencies in the GC-flanked opal codon. Apparently, dNTP concentrations approximating intracellular concentrations are mildly but significantly mutagenic, and pool asymmetries and base sequence context both contribute to the natural fidelity of DNA replication.